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Abstract-Long term evolution (LTE) is the final step toward 
the 4th generation (4G) of radio technologies designed to 
increase the capacity and speed of mobile networks. LTE uses 
orthogonal frequency division multiple access (OFDMA) for 
the downlink transmission and single carrier-frequency 
division multiple access (SC-FDMA) for uplink. OFDMA 
meets the 4G requirement for spectrum flexibility and enables 
cost-efficient solutions for very wide carriers with high peak 
rates.  However, the potentially large peak-to-average power 
ratio (PAPR) of the transmitting signals has limited its 
application. This high PAPR causes interference when the 
OFDM signals are passed through an amplifier which does not 
have enough linear range. In this article, we investigate a 
clipping based PAPR reduction method for LTE OFDMA 
systems. Simulation results show that the clipping method is 
reduced PAPR significantly which decreases as the number of 
clip and filtering level is increased. As a results, increase the 
mean transmit power, and improve the power amplifier 
efficiency. This comes at the outlay of complexity, efficiency as 
well as cost. 
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I. INTRODUCTION 
     The further increasing demand on high data rates in 
wireless systems has arisen in order to support broadband 
services. Long term evolution (LTE) is standardized by the 
third generation partnership project (3GPP) and is an 
evolution to existing 3G technologies in order to meet 
projected customer needs over the next decades. Current 
working assumptions in 3GPP LTE are to use orthogonal 
frequency division multiplexing access (OFDMA) for 
downlink and single carrier-frequency division multiple 
access (SC-FDMA) for uplink. SC-FDMA is a promising 
technique for high data rate transmission that utilizes single 
carrier modulation and frequency domain equalization. 
Single carrier transmitter structure leads to keep the peak-to-
average power ratio (PAPR) as low as possible that will 
reduced the energy consumption. SC-FDMA has similar 
throughput performance and essentially the same overall 
complexity as OFDMA [2], [7], [8]. 
     Recently, OFDMA has received much attention due 
to its applicability to high speed wireless multiple access 
communication systems. The problems associated with 
OFDM, however, are also inherited by OFDMA. Hence, 
OFDMA also suffers from high PAPR. In OFDMA process 
the whole data block as one unit, thus making downlink 
demodulation.  OFDMA systems more difficult since only 
part of the sub-carriers in one OFDMA data block are of 
demodulated by each user’s receiver. If downlink PAPR 
reduction is achieved by schemes designed for OFDM, each 
user has to process the whole data block and then 
demodulate the assigned sub-carriers extract their own 
information. This introduces additional processing for each 
user’s receiver. The statistical PAPR characteristics are 
investigated and PAPR reduction in OFDM signals are 
analyzed in different research papers [1]. Moreover, various 
approaches have been proposed to reduce the PAPR 
including amplitude clipping, selected mapping technique, 
coding schemes, tone reservation technique, and nonlinear 
commanding transform [1], [3]. 
     Here, we present a clipping based PAPR reduction 
technique for LTE OFDMA systems.  The clipping is 
followed by filtering to reduce out of band power. The 
discrete Fourier transform (DFT) transform the clipped 
signal into frequency domain signal. The in-band frequency 
domain signals are passed to the second inverse DFT (IDFT) 
while out-of band signal components are null. Therefore it 
doesn’t causes interference to the in-band OFDM signal. 
Simulation results show that the amplitude clipping method 
is reduced PAPR significantly which decreases as the 
number of clip and filtering level is increased. As a results, 
increase the mean transmit power, and improve the power 
amplifier efficiency. This comes at the outlay of complexity, 
efficiency as well as cost. 
     The remainder of this paper is organized as follows: 
in section II, we describe the LTE OFDMA systems model. 
In section III, amplitude clipping PAPR reduction techniques 
is analyzed. In section IV, we simulated and compare the 
clipping method with the different level of clip and filtering 
level. Finally, conclusions are made in section V. 
II. LTE OFDMA SYSTEMS MODEL 
     A conceptual block diagram of a LTE OFDMA 
transceiver is shown in Fig. 1. 
 
Fig. 1 Conceptual block diagram of a LTE OFDMA systems. 
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At the transmitter side, a baseband modulator transmits 
the binary input to multilevel sequences of complex number 
in one of several possible modulation formats including, 
quandary phase shift keying (QPSK), and 16 level-QAM. 
These modulated symbols, are perform IDFT to produce a 
time domain representation [3-7]. The clipping is followed 
by filtering to reduce out of band power.  The DFT 
transform the clipped signal into frequency domain signal. 
The in-band frequency domain signals are passed to the 
second IDFT while out-of band signal components are null. 
Therefore it doesn’t causes interference to the in-band 
OFDM signal [1].  
     PAPR is a comparison of the peak power detected 
over a period of sample occurs over the same time period. 
The PAPR of the transmit signal is defined as [8-10]: 
2
0<m<T
TN
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PAPR = ,                                     (1)
1 s(m) dm
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where s(m) is the transmitted signal. Finally, the IDFT 
module output is followed by a cyclic prefix (CP) insertion 
that completes the digital stage of the signal flow. The CP is 
used to eliminate ISI and preserve the orthogonality of the 
tones. Assume that the channel length of CP is larger than 
the channel delay spread.  
     Channel model is a mathematical representation of the 
transfer characteristics of the physical medium. These 
models are formulated by observing the characteristics of the 
received signal. According to the documents from 3GPP, in 
the mobile environment, a radio wave propagation can be 
described by multipaths which arise from reflection and 
scattering. The received signal at the mobile terminal is a 
superposition of all paths.  If there are L distinct paths from 
transmitter to the 
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Fig. 2. Multipath radio environment. 
 
receiver, the impulse response of the multipath fading 
channel can be represented as: 
L
j j
j=1
ω(m,τ) = ω (m)δ[m - τ (m)],                             (2)∑  
where jω (m) and jτ (m)  are attenuations and delays 
for each path at time instant m, and δ(.)  is the Dirac delta 
function. The fading process for the mobile radio channel is 
given by 
 
j dω(v) = ω 1 - (v/f ) ,                                              (3)  
where Doppler frquency df = s/λ,  s is the speed of the 
mobile, and λ  is the wavelength of the transmitted  carrier. 
In order to do simulations as close to the reality as possible, 
it is essential to have a good channel model. This model is 
used to describe the fast variations of the received signal 
strength due to changes in phases when a mobile terminal 
moves. In case of wideband modeling, each path of the 
impulse response can be modeled as Rayleigh distributed 
with uniform phase except line of sight (LOS) component 
cases. 
     The transmitted symbols propagating through the 
radio channel can be modeled as a circular convolution 
between the channel impulse response (CIR) and the 
transmitted data block. Since, the channel coefficient is 
usually unknown to the receiver, it needs to be efficiently 
estimated. The received signal can be expressed as: 
   
L
j
j=1
r(m) = w (m) s(m - j) + z(m),                              (4)∑
 
where s(m) is the transmitted signal at time m, and z(m) 
is the additive white Gaussian noise (AWGN) with zero 
mean and variance σ2. So, the impulse response of multipath 
fading channel can be represented by a tap-delayed line filter 
with time varying coefficients and symbol-rate spaced 
coefficients. 
 
Fig. 3. L-tapped delay line filter of a channel. 
 
At the receiver, the opposite set of the operation is 
performed. After synchronization, CP samples are  discarded 
and the remaining samples are processed by the DFT to 
retrieve the complex constellation symbols transmitted over 
the orthogonal sub-channels. The equalizer is used to 
compensate for the radio channel frequency selectivity. After 
equalization, these received signals are demodulated and soft 
or hard values of the corresponding bits are passed to the 
decoder. The decoder analyzes the structure of received bit 
pattern and tries to reconstruct the original signal. 
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III. AMPLITUDE CLIPPING PAPR METHOD 
     The main practical problem involving OFDM 
modulation is high PAPR. High PAPR results from the 
nature of the modulation itself where multiple sub-carriers 
are added together to form the signal to be transmitted. High 
peak power makes demands on power amplifiers devices and 
high power consumption, analog to digital (A/D) converters 
with lower efficiency. Amplitude clipping can cut-off the 
peak from the signal and solve the high peak power problem. 
This clipping limits the peak of the input signal to a fixed 
value or otherwise passes the input signal through 
unperturbed with phase left unchanged [1], [3].  The clipped 
signal is:  
x, x B
A(x) = .                                              (5)
B, else
⎧ ⎫≤⎪ ⎪⎨ ⎬⎪ ⎪⎩ ⎭  
Without using filtering, amplitude clipping causes out-
of-band radiation.  To reach a desired amplitude level, 
iterative clipping-and-filtering operation can be used to 
reduce out-of-band radiation as well as overall peak 
regrowth. Therefore, the deleterious effects may be 
significantly reduced [1]. As a results, increase the mean 
transmit power, and improve the power amplifier efficiency. 
IV. EXPERIMENTAL RESULTS 
     The most frequently used performance measures for 
PAPR reduction techniques is the complementary 
cumulative distribution function (CCDF). The CDF of the 
amplitude of a signal sample is given by  
zF(z) =1- e                                                               (6)
The CCDF of the PAPR of a data block with Nyquist rate 
sampling is 
  
P (PAPR  > z) =  1 - P(PAPR Z)
                   =1 - F(z)
                   =1 - (1 - F(z) )                                    (7)
N
N
≤
 
This expression assumes that the N time domain signal 
samples are mutually independent and uncorrelated. The 
parameters used  
for the calculation of PAPR are illustrated in Table I. 
TABLE I.  PARAMETERS USED FOR SIMULATIONS 
Systems parameters Assumptions 
Size of  OFDM symbol 128 
Oversampling factor 1-4 
Size of FFT 256 
Clipping ratio 4 
Modulation QPSK 
Iteration 4 
Maximum symbol e4 
The simulation result of amplitude clipping method is 
shown in Figs. 4 and 5.  It can be observe that OFDM signal 
is has higher PAPR and after applying this method PAPR is 
reduced significantly. This PAPR is decreases as the number 
of clip and filtering is increased from one to four levels. 
Because the clipping is followed by filtering to reduce out of 
band power. The DFT transform the clipped signal into 
frequency domain signal. The in-band frequency domain 
signals are passed to the second IDFT while out-of band 
signal components are null. Therefore it doesn’t causes 
interference to the in-band OFDM signal. The amplitude 
clipping is simple method with minimal computing 
complexity. As a results, increase the mean transmit power, 
and improve the power amplifier efficiency. This comes at 
the outlay of complexity, efficiency as well as cost. 
 
 
Fig. 4. Comparison of CCDF using one/two clipping method. 
 
 
 
Fig. 5. Comparison of CCDF using three/four clipping method. 
V. CONCLUSION 
The PAPR problem is one of the important issues to be 
addressed in developing multicarrier transmission systems in 
LTE. In this paper, we illustrate the amplitude clipping 
PAPR reduction method for multicarrier transmission 
systems. The clipping is followed by filtering to reduce out 
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of band power. The DFT transform the clipped signal into 
frequency domain signal. The in-band frequency domain 
signals are passed to the second IDFT while out-of band 
signal components are null. From the computer simulations 
we can come to the conclusion that the amplitude clipping 
method reduced the PAPR significantly. As a results, 
increase the mean transmit power, and improve the power 
amplifier efficiency. This comes at the outlay of complexity, 
efficiency as well as cost. 
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